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@ Multi-source reactive deposition process for the preparation of blue light emitting phosphor layers 
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A multi-source reactive deposition process 
for preparing a phosplior layer for an AC TFEL 
device having the chemical formula 
M"M'"2X4 :RE, where M" Is a group II metal taken 
from the group magnesium, calcium, strontium 
and barium, M'" is a group III metal taken from 
the group aluminum, gallium and indium, X is 
taken from the group sulfur and selenium, and 
RE comprises a rare earth activator dopant 
taken from the group cerium and europium is 
disclosed. The phosphor film Is formed in crys- 
talline form on a substrate heated to a tempera- 
ture between 400"* and 800X by depositing 
more than one deposition source chemical 
where at least one of the deposition source 
chemicals of the group II metal or the group 111 
metal is a compound. 
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Background of the Invention 

This invention relates to a process for preparing electroluminescent thin f ilnns, and more particularly to a 
multi-source reactive deposition process for preparing a blue light emitting thin phosphor film. 

5 Blue light emitting phosphors suitable for use in full-color thin film electroluminescent flat panel displays 

have previously been identified. U.S. Patent Application Serial No. 07/668,201 to Sun et al. discloses a blue 
light emitting phosphor film, CaGa2S4:Ce, prepared by a sputter-deposition technique. However, the deposited 
film is an amorphous film and therefore a post-deposition high temperature thermal anneal is required to crys- 
talize the deposited film. Only a costly high temperature glass-ceramic substrate can maintain dimensional 

10 stability under the demanding annealing conditions. Thus, the sputter-deposition technique is not compatible 
with a less expensive borosllicate glass substrate, the conventional flat panel display substrate. 

The crystalline structure of a deposited film is affected by the substrate temperature, and a relatively high 
substrate temperature is desirable. However, using a higher substrate temperature results in a film deficient 
in certain elements when the film is deposited from a single source. Thus, M"Ga2S4:Ce films formed by sputter 

15 deposition using a single target at substrate temperatures higher than about SOO^'C are deficient in gallium and 
sulfur. 

A low temperature evaporation technique for the preparation of either a Eu- or EuCls-doped CaS phosphor 
is disclosed by Mauch et al. in "Preparation of Eu- and EuCla-Doped CaS Based Thin Film Electroluminescent 
Devices," >Acfa Polytechmca Scandinavica, Applied Physics Series 1 70. 227 (1 990). The doped phosphor layer 

20 is deposited by coevaporation of calcium, sulfur and dopants from graphite based effusion sources. T. Nire et 
al.. in "Multi-Source Deposition Methods for ZnS and SrS Thin-Film Electroluminescent Devices," Electrolu- 
minescence. Springer Proceedings in Physics, Vol. 38, 180 (1989), disclose a multi-source deposition method 
for the deposition of the blue light emitting phosphor SrS:Ce. The phosphor layer. SrS:Ce, was fabricated by 
using three sources: Sr, S, Ce or Sr, S. CeCIa; and four sources: Sr, S, Ce, KCI or Sr. S. Ce, K2S. However, an 

25 attempt to deposit a film of SrGa2S4:Ce in a multi-source reactive deposition process using Sr, Ga, S and CeCIa 
sources was unsuccessful because excess gallium segregates into droplets on the film which results in poor 
reliability of the finished electroluminescent device. 

What is still needed is an improved process for the preparation of a crystalline blue light emitting phosphor 
layer for an AC TFEL device on conventional flat panel borosllicate glass substrates. 

30 

Summary of the Invention 

The problems associated with the preparation of a blue light emitting phosphor are addressed in the pres- 
ent Invention by providing a multi-source reactive deposition process for preparing a phosphor layer for an AC 

35 TFEL device having the chemical formula M"M'"2X4:RE, where M" is a group II metal taken from the group mag- 
nesium, calcium, strontium and barium, M'" is a group III metal taken from the group aluminum, gallium and 
indium, X is taken from the group sulfur and selenium, and RE comprises a rare earth activator dopant taken 
from the group cerium and europium. The phosphor film is formed in crystalline form on a substrate heated 
to a temperature between 400*" and dOO^'C by depositing more than one deposition source chemical where at 

40 least one of the deposition source chemicals of the group II metal or the group 111 metal is a compound. 

Thus, in this method a thin phosphor film with high crystallinity is formed on the substrate, totally elimin- 
ating the requirement of a post-deposition thermal anneal and thereby allowing the use of a conventional bor- 
osilicate glass substrate. Furthermore, by providing one of the source chemicals of the group II metal or the 
group III metal as a compound, a stoichiometric film is formed which is completely free of droplets of excess 

45 group II or group Ml metals. In addition, when one of the source chemicals of the group II metal or group III 
metal is a compound, a stoichiometric film which is not deficient in any element can be prepared at an elevated 
substrate temperature by controlling the flux of each of the constituent elements or compounds. 

The foregoing and other objectives, features, and advantages of the invention will be more readily under- 
stood upon consideration of the following detailed description of the invention, taken in conjunction with the 

50 accompanying drawings. 

Brief Description of th Drawings 

FIG. 1 is a sectional side view of an AC TFEL device showing a blue light emitting phosphor layer prepared 
55 by the method of the present invention. 

FIG. 2 is a schematic view of a multi-source deposition system employed In the present invention. 
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Detailed Description of the Preferred Embodiment 

Referring to FIG. 1, a TFEL panel includes a glass substrate which supports, for example, a transparent 
indium tin oxide (ITO) electrode layer as shown, or a ZnO:AI electrode layer. Deposited on top of the ITO elec- 

5 trode'layer is a layer of silicon nitride (Si3N4) or some other suitable insulating dielectric layer such as silicon 
oxinitride (SiON). aluminum-titanium oxide (ATO), or barium-tantalum oxide (BTO), Although not shown, a nu- 
cleation layer or barrier iayer may next be deposited on the dielectric layer before deposition of the phosphor 
layer, SrGa2S4:Ce. A second dielectric layer may be deposited on top of the phosphor layer before a top alu- 
minum electrode is deposited. 

10 As shown in FIG. 1. It Is desirable to use a silicon nitride insulator in the TFEL device if strontium metal is 

the source for the strontium reactant because the strontium metal may react with an oxide insulating layer, 
which results in discolored films and films with poor luminescence characteristics. Other non-oxide insulators 
such as AIN, GaN or BN are not expected to react with strontium vapor and may also provide good electro* 
luminescence characteristics. The nitride layers can alternatively be used as barrier layers between the phos- 

15 phor layer and the insulating oxide dielectrics. 

FIG. 2 shows a schematic diagram of a multi-source reactive deposition system which may be used for 
preparing stoichiometric M"M'"2X4:RE phosphor films where M" is a group II metal selected from magnesium, 
calcium, strontium and barium, M^" is a group III metal selected from aluminum, gallium and indium, X is sulfur 
or selenium, and RE comprises Ce^* or Eu^^. As illustrated in FIG. 2, the substrate and deposition source chem- 

20 Icals are placed in a vacuum chamber, together with heaters for heating the substrate and the deposition source 
chemicals. The source chemicals are placed, for example, in effusion sources and thus can be coevaporated. 
The temperature of each effusion source is individually controlled and thus the flux of each deposition source 
chemical is individually controlled. For example, the rate of evaporation or the flux of an element or compound 
from an effusion source can be varied by varying the temperature of the effusion source. 

25 The temperature of the substrate is separately controlled and may be varied as desired, for example, to 

affect the crystalline structure of the deposited film, from about 400*^0 to about 800^C, or to the temperature 
at which the substrate softens or deforms. Since the temperature of the substrate and each source chemical 
is separately controlled, optimum conditions for deposition of a stoichiometric crystalline film are provided. 
When the M" or M'" source is a compound, excess M^" does not form droplets on the film, nor is the resulting 

30 film deficient in any element. 

The vacuum chamber is evacuated, and substrate and sources are each heated to the respective selected 
temperature. The phosphor layer, for example, SrGa2S4:Ce, is deposited by coevaporation of the deposition 
source chemicals Sr, S. Ga2S3, and CeCIa, from effusion sources such as Knudsen cells. As shown schemat- 
ically in FIG. 2, it may be desirable to include a coactivator dopant such as Na, K. Zn, CI or F, for example, to 

35 charge compensate for the +3 valence of the Ce activator dopant. It may also be desirable to deposit the phos- 
phor layer using an excess of sulfur in order to control the morphology and crystallinity of the phosphor film 
layer. 

The multi-source reactive deposition system permits the control of the individual temperature, and thus 
of the flux, of each of the deposition source chemicals, which is necessary in order to prepare stoichiometric 

40 phosphor films at elevated substrate temperatures. Other multiple source deposition methods that can provide 
a controlled flux of the constituents of the phosphor film, such as multisource sputtering and chemical vapor 
deposition processes are also acceptable deposition methods. 

Other group 111 metal sulfide and selenide sources such as ln2S3, ln2Se3. Ga2Se3, AI2S3 and A!2Se3 may 
be used in place of Ga2S3 to deposit Srln2S4:Ce. Srln2Se4:Ce, SrGa2Se4:Ce, SrAl2S4:Ce, and SrAl2Se4:Ce 

45 phosphor films respectively. Other group II metal sources such as Ca and Ba may be used instead of Sr to 
deposit the corresponding alkaline earth thiogallate, thioaluminate or thioindate phosphor films. Alternatively, 
group II metal sulfide or selenide sources, such as CaS, SrS, BaS, CaSe, SrSe, BaSe may be used instead 
of the elemental metal sources. Europium doping of these films can produce either green or blue emissions 
depending on the crystal field effect of the host lattice. 

50 To further illustrate the invention the following example is given. 

Preparation of a Strontium Thiogallate:Cerium Film 

Deposition source chemicals of strontium metal, sulfur, CeCls, and Ga2S3 are loaded under an inert gas 
55 atmosphere into respective Knudsen cells and weighed. The loaded Knudsen cells are transferred to a vacuum 
chamber which contains the glass substrates on which the phosphor films will be deposited and resistance or 
lamp heaters for heating the sources and the substrates. 

The chamber is evacuated to a pressure of 1 x 10-^ mbar. The substrate is heated to a temperature between 

3 
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eOO*' and 650°C. The temperature is measured with a thermocouple in contact with the substrate. 

The Knudsen cell sources are heated to the following temperatures in approximately 10 minutes, 
sulfur 260«C 
strontium: 620*'C 
5 CeClg: 740'C 
GazSa: 910*»C 

The temperatures are measured using thermocouples In contact with each Knudsen cell. When the tempera* 
tures of all sources have stabilized for about 15 minutes at the respective desired temperatures, the shutters 
are opened. The chamber pressure during the deposition is 5 x to 5 x lO-^ mbar. 

10 The shutters are closed after 30 minutes of evaporation at the described conditions. The substrate and 

source heaters are turned off. When the substrate and source temperatures are ^50**C, the vacuum chamber 
is vented to atmospheric pressure and opened. 

A strontium thioga II ate: cerium film prepared as described above demonstrates an L40 luminance of 10 
cd/m2 and an Lao luminance of 20 cd/m2 at a drive frequency of 1 kHz. The CIE coordinates of the blue light 

15 emitting SrGa2S4:Ce EL device are x = 0.14, y = 0.13. 

The terms and expressions which have been employed in the foregoing specification are used therein as 
terms of description and not of limitation, and there is no intention, in the use of such terms and expressions, 
of excluding equivalents of the features shown and described or portions thereof, it being recognized that the 
scope of the invention is defined and limited only by the daints which follow. 

20 

Claims 



1. A process for preparing a phosphor layer for an AC TFEL device comprising a transparent substrate, said 
25 phosphor layer having the chemical formula: ^ 

M»M""2X4:RE, 

where M" is a group II metal taken from the group magnesium, calcium, strontium and barium; M"' is a 
group III metal taken from the group aluminum, gallium and indium; X is taken from the group selenium 
and sulfur; and RE comprises a rare earth activator dopant taken from the group cerium and europium, 
30 said process comprising the steps of heating said substrate to a temperature between 400' and 800°C 

and forming said phosphor layer in crystalline form on said heated substrate by depositing more than one 
deposition source chemical, wherein at least one of said deposition source chemicals of said group II nfietal 
or said group III metal is a compound. 

35 2. The process of claim 1 wherein said deposition source chemical of said is M"X 

3. The process of claim 1 wherein said deposition source chemical of said M"' is M<"2X3- 

4. The process of claim 1 wherein each said deposition source chemical is an evaporation source. 

40 

5. The process of claim 2 or 3 wherein an effusion cell is used for coevaporation of each said deposition 
source chemical. 

6. The process of claim 5 wherein each said effusion cell is a Knudsen cell. 

45 

7. The process of claim 6 wherein each said Knudsen cell defines an orifice and includes a shutter for se- 
lectively opening and closing said orifice, each said Knudsen cell is heated to a predetermined temper- 
ature and thereafter said shutter is opened for a predetermined time. 

so 8. The process of claim 1 wherein each said deposition source chemical is a sputtering source. 

9, A process for preparing a phosphor layer for an AC TFEL device comprising a transparent substrate, said 
phosphor layer having the chemical formula: 

M"M'"2X4:RE 

55 where M" is a group II metal taken from the group magnesium, calcium, strontium and barium; M'" is a 

group III metal taken from the group aluminum, gallium and indium; X is taken from the group selenium 
and sulfur and RE comprises a rare earth activator dopant taken from the group cerium and europium, 
said process comprising the steps of: 

4 
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(a) placing each one of a plurality of deposition source chemicals in a respectiv effusion source having 
a selectively openable and closable shutter under an inert gas atmosphere and closing said shutter, 
wherein at least one of said deposition source chemicals of said group II metal or said group III metal 
is a compound; 

(b) thereafter placing said substrate and each said effusion source into a vacuum chamber and evac- 
uating said vacuum chamber; 

(c) thereafter heating said substrate and each said effusion source to a respective predetermined tenn- 
perature to form a heated substrate and a chemical vapor in each said effusion source; 

(d) thereafter opening the shutter of each said effusion source for a predetermined time to allow said 
chemical vapor to form a phosphor layer on said heated substrate, and after said predetermined time, 
closing said shutter; and 

(e) thereafter cooling said substrate and venting said chamber to atmospheric pressure. 
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